Background: In the surgical treatment of temporal lobe epilepsy with mesial temporal lobe tumor, whether to remove the hippocampus aiming for a better seizure outcome in addition to removing the tumor is a dilemma. Two pediatric cases treated successfully with tumor removal alone are presented. Case Description: The first case was an 11-year-old girl with a ganglioglioma in the left uncus, and the second case was a 9-year-old girl with a pleomorphic xanthoastrocytoma in the left parahippocampal gyrus. In both cases, the hippocampus was not invaded, merely compressed by the tumor. Tumor removal was performed under intraoperative electrocorticography (ECoG) monitoring. After tumor removal, abnormal discharges remained at the hippocampus and adjacent temporal cortices, but further surgical interventions were not performed. The seizures disappeared completely in both cases. Conclusions: When we must decide whether to remove the hippocampus, the side of the lesion, the severity and chronicity of the seizures, and the presence of invasion to the hippocampus are the factors that should be considered. Abnormal discharges on ECoG at the hippocampus or adjacent cortices are one of the factors related to epileptogenicity, but it is simply a result of interictal irritation, and it is not an absolute indication for additional surgical intervention.
INTRODUCTION
Tumors located in the mesial temporal lobe are often associated with temporal lobe epilepsy (TLE). In these cases, because the hippocampus is located close to the tumor, it may play some role in generating, amplifying, or propagating seizures. In such cases, whether the tumor invades to the hippocampus is an important factor in determining surgical strategy. When the tumor itself invades to the hippocampus, the surgical strategy is quite simple, that is, removing both the tumor and the hippocampus. On the other hand, when the hippocampus is intact or merely compressed by the tumor, there is a dilemma as to whether to remove the hippocampus aiming for a seizure-free outcome. This is because removal of a hippocampus with a normal appearance on preoperative imaging generally causes memory decline, especially on the dominant side. [6, 7, 21] Therefore, the hippocampus should be preserved as much as possible. However, in view of the seizure control rate, tumor removal with hippocampectomy is reported to be better than that without hippocampectomy. [3, 15, 27] In previous reports, additional corticectomy or hippocampectomy was considered based on intraoperative electrocorticography (ECoG). [1, 9, 16, 18, 22, 26] However, when the hippocampus just amplifies or propagates seizures generated in the tumor, complete seizure-free status can be expected with tumor removal alone despite the ECoG findings.
Two pediatric cases of surgically treated TLE with mesial temporal lobe tumor are reported. In both cases, the seizures disappeared completely after surgery with removal of the tumor alone. Reviewing the literature and our cases, the appropriate surgical strategy for TLE with mesial temporal lobe tumor is discussed.
CASE DESCRIPTION

Case 1
An 11-year-old girl presented with a 3-year history of complex partial seizures (CPSs). The frequency of the seizures had been less, but it was gradually increasing, and at the time surgery was considered, it was once or twice a day. Despite anticonvulsant therapy (levetiracetam, 25 mg/kg/day), the seizures were not controllable. Higher brain function had not been evaluated, but no declines of cognitive and memory functions were apparent, and she had a fully normal school-life except for the seizures. On electroencephalography (EEG), abnormal paroxysmal spikes and waves were located with maximal amplitude at the left anterior temporal area. On preoperative imaging, a heterogeneously enhanced mass with some calcification was located in the left uncus [ Figure 1a and b]. The hippocampus seemed not to be invaded, merely compressed by the mass lesion.
As an initial surgical strategy, removal of the tumor alone without hippocampectomy was chosen, and if medically intractable seizures remained after tumor removal, surgical intervention to the hippocampus would be added as the second surgery.
The patient was placed in the supine position under general anesthesia. For the intraoperative ECoG, antiepileptic drugs were discontinued on the morning of surgery. Sevoflurane was maintained at 2.5% with an adequate muscle relaxant. End-tidal CO 2 levels were maintained at around 30 mmHg. [8, 10, 13] A frontotemporal craniotomy was performed using a half coronal skin incision, and the Sylvian fissure was widely opened. Through the inferior peri-insular sulcus, the inferior horn of the lateral ventricle was opened. Then, ECoG at the hippocampus, as well as at the adjacent temporal cortices, was performed using strip electrodes with six contacts at 5-mm intervals and four contacts at 1-cm intervals (Unique Medical, Tokyo, Japan). Paroxysmal typical abnormal discharges were seen on the hippocampus, as well as adjacent temporal cortices [ Figure 2a ]. The tumor located in the uncus was completely removed. After tumor resection, abnormal discharges on the hippocampus and adjacent temporal cortices were reduced in frequency, but remained [ Figure 2b ]. As planned, the hippocampus was left behind without surgical intervention [Video 1]. Postoperatively, total removal of the tumor without any damage to the adjacent cortices and hippocampus was confirmed on MRI [ Figure 1c and d]. On pathology, the diagnosis was a ganglioglioma, and her seizures had completely disappeared (Engel classification: [2] class Ia) since the surgery for 22 months with same dosage of levetiracetam. She had no memory dysfunction and Karnofsky Performance Scale [11] was 100 postoperatively.
Case 2
A 9-year-old girl presented with a 1-year history of CPSs. The frequency of the seizures was twice or three times a week. Sodium valproate was not effective, and levetiracetam was administered as a second-choice anticonvulsant. However, despite taking levetiracetam (35 mg/kg/day), the seizures were uncontrollable. On Wechsler Intelligence Scale for Children-IV, no declines of higher brain function or memory function were evident. On EEG, abnormal paroxysmal spikes and waves were located with maximal amplitude at the left middle temporal area. On preoperative imaging, a cystic mass with a nodular enhanced mass was located in the posterior parahippocampal gyrus on the left side [ Figure 3a and b]. The hippocampus appeared not to be invaded, merely compressed by the mass lesion. In this case as well, removal of the tumor alone without hippocampectomy was chosen as the initial surgery.
The patient was placed in the right side semiprone park bench position under general anesthesia. As in the first case, sevoflurane was maintained at 2.5% for the intraoperative ECoG. An occipito-suboccipital craniotomy on the left side was made using a hockey stick skin incision. Through the supracerebellar transtentorial route, the inferior surface of the temporal lobe was exposed. ECoG was then performed at the parahippocampal and fusiform gyri using a strip electrode with four contacts at 1-cm intervals (Unique Medical), and abnormal discharges were confirmed [ Figure 4a ]. The tumor located in the posterior parahippocampal gyrus was completely removed. After the tumor resection, abnormal discharges remained at the fusiform gyrus [ Figure 4b ]. However, as planned, adjacent cortex and hippocampus were left behind without surgical intervention [Video 2]. Postoperative MRI confirmed total removal of the tumor without any damage to the adjacent cortices and hippocampus [ Figure 3c and d]. On pathology, the diagnosis was a pleomorphic xanthoastrocytoma, and her seizures had disappeared completely (Engel's classification: [2] class Ia) since the surgery for 23 months. The dosage of levetiracetam was reduced to 10 mg/kg/day. She had no memory dysfunction and Karnofsky Performance Scale [11] was 100 postoperatively.
DISCUSSION
In both of the present cases, the tumors were successfully removed by a transsylvian-transventricular approach and supracerebellar transtentorial approach without hippocampectomy, and the seizures disappeared completely postoperatively. When the tumor is located far from the hippocampus, for example on the lateral temporal lobe or other part of the brain, to evaluate the seizure onset zone with chronic intracranial electrodes placement and subsequent video, ECoG monitoring is a useful step to make a decision whether to remove the hippocampus or not. However, in the case of mesial temporal lobe tumor, precise placements of intracranial electrodes on or in the hippocampus and the tumor are much more difficult. Therefore, one-stage surgery is thought to be preferred in the case of TLE with mesial temporal lobe tumor. As described, whether to add a surgical intervention to the adjacent area with an abnormal ECoG after tumor removal has not been established. [1, 9, 16, 18, 22, 26] Factors that should be considered in making this decision are (1) the side of the lesion; (2) the duration, severity, and chronicity of the seizures; and (3) the presence of invasion to the hippocampus. In addition, intraoperative ECoG findings at the hippocampus or adjacent cortices are also important. [14, 20] This is because, when the lesion is located on the nondominant side, removal of the hippocampus does not lead to severe memory dysfunction, and when the seizures are not intractable, the remaining hippocampus itself may not cause seizures.
In both of the present cases, the lesions were located on the dominant side. Surgery had been performed less than 3 years since seizure onset, and the number of anticonvulsants taken before surgery was less than two. The tumors did not invade to the hippocampus, they merely compressed it. Intraoperative ECoG findings may be valuable to identify the extent of the irritative area to be removed, [1, 3, 4, [14] [15] [16] 18, 20, 22] but they are just part of an interictal recording over a short time (usually 10 min at most). Several studies demonstrated that satisfactory seizure control was achieved by removal of the tumor alone without intraoperative ECoG monitoring. [1, 5, 12] Also, in our previous report, remaining abnormal discharges on ECoG at the temporal neocortex after selective amygdalohippocampectomy had no relationship to postoperative remaining seizures. [25] Therefore, the decision was made to remove the tumor alone without hippocampectomy despite remaining abnormal discharges on ECoG at the hippocampus and adjacent cortices after tumor removal.
One solution for better seizure outcomes is adding hippocampal transection, which was first reported in 2006. [19] Hippocampal transection is a procedure originally developed for MRI-negative mesial TLE to preserve memory function. [17, 24] In hippocampal transection, the hippocampus is not removed, just transected. The theory is that the epileptogenic circuit is disrupted by parallel transection of the hippocampus and that the memory circuit from the hippocampus to the fornix via the fimbria is preserved. Recently, it has also been used for TLE with a temporal lobe tumor in some institutions. [23] However, hippocampal transection is also somewhat invasive for the hippocampus and should be avoided if possible.
Finally, we propose a flowchart of the surgical strategy for TLE with mesial temporal lobe tumor, focusing on whether to remove the tumor alone or with hippocampectomy, taking into account the side of the tumor, intractability of seizures, and the presence of tumor invasion to the hippocampus [ Figure 5 ]. According to this flowchart, we consider preserving the hippocampus as much as possible, especially on the dominant side, and if intractable seizures remain after initial surgery, we consider removal or transection of the hippocampus thereafter. Surgeons should select the appropriate approach for tumor removal with or without hippocampectomy. It is still unknown that what percentage of the cases surgeons can preserve hippocampus when the abnormal discharges still remain after tumor removal in intraoperative ECoG. To evaluate the percentage and verify the efficacy of our flowchart, randomized controlled study is mandatory to be performed.
CONCLUSIONS
For TLE with mesial temporal lobe tumor on the dominant side without invasion to the hippocampus, removal of tumor alone without hippocampectomy can be an appropriate initial surgical strategy. Abnormal discharges on intraoperative ECoG at the adjacent cortex or hippocampus are one of the factors related to epileptogenicity, but they are simply a result of interictal irritation. Therefore, one might conclude that their presence is not an absolute indication for adding corticectomy or hippocampectomy.
